Abstract. The amino acid composition, essential amino acid index (EAA-I), pepsinpancreatin in vitro digestibility and pepsin-pancreatin-digest-residue-index (PPDR-I)-of the rumen bacterial and protozoal protein of cows fed urea and ammonium salts as their sole source of nitrogen (0-cows) or as a partial source (ULP-cows), and of cows on normal protein-rich feed (NorP-cows), were determined.
Introduction
The requirement for and utilisation of feed nitrogen by ruminants depends on both the source of energy and the intake of digestible energy. Since the consumption of energy is limited, it is very possible that the amount of protein required for the daily production of milk and meat is larger than the amount of protein synthesised in the rumen. The active microbial population in the rumen decomposes the fodder to absorbable nutrients. Urea is decomposed to ammonia by the action of urease enzyme. It is assumed that on average 70 % of the crude protein of the feed given to the ruminant is decomposed to am-monia in the rumen. Only about 30 % is transferred undecomposed through the rumen. Depending on the intake of energy and its quality, ammonia is used to form bacterial protein. It is estimated that 80 % of the rumen bacteria are able to use ammonia as their sole source of nitrogen. Some even prefer ammonia to amino acids. Therefore microbial protein is a very important protein store for the cow.
On a feed in which urea and ammonium salts are the sole source of nitrogen (Virtanen 1963 (Virtanen , 1966 , microbial protein is the only source of protein for the host animal, with the exception of the recycled protein formed in the saliva, which has also been derived from urea. Although such cows do not receive proteins in their feed, the protein of their milk has a composition similar to that of the milk of cows on a normal, protein-containing feed (Syväoja 1971) .
However, the amount of milk produced by these cows is about 1000-2000 kg smaller than that of cows which receive part of their nitrogen requirement from natural feed. Also the annual production of the total protein is smaller (Virtanen 1966 , Ettala and Kreula 1976 .
By changing the feed it is possible to change the microbial population of the rumen (Hungate 1965 , Warner 1965 . The amino acid compositions of the microbial population show rather small differences on very different feeds (Weller 1957 , Purser and Buechler 1966 , Bergen 1967 , Williams and Dinusson 1973 .
The similarity of the amino acid compositions of acid-hydrolysed microbial preparations does not mean, however, that the rumen microorganisms would have the same value with respect to protein quality. Their digestibility may either be totally different, or may differ only with respect to certain amino acids on different protein feeds.
The present paper reports a study of the amino acid composition and the in vitro digestibility of the protein, digested with pepsin and pancreatin, of the rumen microorganisms of cows fed urea and ammonium salts as a sole source of nitrogen (0-feed) or as a partial source of nitrogen (ULP-feed) and of cows on normal protein-rich feed (NorP-feed).
Materials and Methods
The rumen fluid samples of the cows (0-cows) which had received purified carbohydrates as their energy source and urea and ammonium salts as their sole nitrogen source and of cows which had received small amounts of protein and large amounts of urea as their nitrogen source (ULP-cows) were collected through a fistula. Detailed information about the feed and production of these cows has been published previously (Virtanen 1966 , Virtanen et ai. 1972 , Ettala and Kreula 1976 Rumen fluid samples from one 0-cow and from cows on normal protein feed (NorP-cows) were obtained immediately after slaughter.
The rumen fluid samples were filtered through glassfibre cloth in order to remove large feed particles. The protozoa were separated from the rumen fluid by centrifugation at 100 rpm for 10 min, placed in a separating funnel containing 0.1 M phosphate buffer (pH 7.0) and were allowed to sediment.
After a few minutes the light protozoal deposit at the bottom was collected and the washing with phosphate buffer repeated. The homogenous protozoal mass was lyophilized. The rumen fluid from which the protozoa had been removed was further centrifuged at 500 x g for 10 min, when feed particles could be removed. The supernatant was further centrifuged at 28 500 x g for 20 min. The bacterial precipitate was then washed thrice with the phosphate buffer and once with water. After the last centrifugation the bacteria were mixed to homogeneity with water and lyophilised. The microbial preparations were stored at -lß°C. Nitrogen determinations were performed by the Kjeldahl method using selenium as the catalyst.
Using rumen fluid samples from one 0-cow and one ULP-cow, a number of pure cultures were isolated by anaerobic culture techniques and the required quantity was grown in anaerobic broth cultures (Bryant and Burkey 1953 a, b) . The isolated bacterially pure cultures were not identified. For amino acid analyses, 100 mg microbial protein was hydrolysed and the amino acids were determined as reported earlier (Syväoja 1971 ) using a Bio Cal (Model BC 201) automatic amino acid analyser.
The in vitro digestibility experiments with bacteria, protozoa and lyophilized egg protein, using pepsin-pancreatin were performed with methods of Akeson and Stahmann (1964) and Bergen et al. (1967) . Pepsin-pancreatin digest residue indices (PPDR-I) were calculated according to the egg ratio method of Sheffner et al. (1956) as modified by Akeson and Stahmann (1964) . Essential amino acid indices (EAA-I) were calculated according to Oser (1951) . Digestion coefficients were estimated by modifying the pepsin digestibility method for proteins (Bergen et al. 1968) Table 1 shows the amino acid compositions of the rumen bacteria and protozoa of 0-, ULP-and Nor P-cows, and those of the pure cultures isolated from the rumen of a 0-cow and a ULP-cow. The amino acids were calculated as percentages of the total amino acid of the hydrolysate, being means of several determinations. On pure cultures two determinations were made.
The results were calculated with the exclusion of tryptophan, which is decomposed in acid hydrolysis.
With regard to the essential amino acids (EAA), there were statistically significant differences with valine, methionine, isoleucine, leucine, phenylalanine and lysine (P < 0.05); the protozoa contained more cystine, isoleucine, leucine, phenylalanine and lysine and less valine and methionine than the bacteria.
Using a variance analysis and Tukey's t-tests it was found that the rumen bacteria of 0-and NorP-cows did not differ with respect to any amino acid.
The rumen bacteria of the ULP-cow differed from those of the other two with respect to threonine and arginine (P < 0.05) and further from those of the While the rumen bacterial proteins of cows on different feeds showed no real difference with regard to their amino acid compositions, there were definite differences in the amino acid compositions of the isolated bacterial cultures.
As regards the EAA, the greatest differences occurred in the amounts of methionine and histidine. The proportion of methionine of the total amino-acid varied from 2.0 to 2.8 %, and that of histidine from 1.9 to 3.5 %. Corresponding differences were found by Purser and Buechler (1966) in the amino acid compositions of 22 different bacterial pure cultures. The protein of different bacterial strains contained, for example, 4.7-11.4% valine, 7.3 14.9% lysine, 1.9-2.5 % histidine and 1.3-2.9 % methionine. However, the investigators regarded the differences as insignificant.
The protozoa differed only with respect to isoleucine and tyrosine (P < 0.05) in the rumen of ULP-and NorP-cows. In contrast, the amino acid composition of the rumen protozoa of the 0-cow differed from that of the other two with respect to alanine, cystine, leucine and phenylalanine (P < 0.01) and from that of the ULP-cow also with respect to threonine, serine and arginine (P < 0.05). The differences may be due to the fact that the protozoal preparations were not entirely devoid of bacteria. The presence of diaminopimelic acid was evidence of bacterial contamination, or indicated the amount of bacterial protein just consumed by the protozoa. The differences could also arise from different species of protozoa. Hoeller and Harmeyer (1964) , Poley (1965) and Williams and Dinusson (1973) found interspecies differences in the amino acid composition of protozoa. However, the protozoa isolated from the rumen contained many species, so that species differences could not be established. Mäkinen (1972) observed that the rumen of 0-cows contained a much greater bacterial population than ULP-and NorP-cows. In the rumen of ULP-cows the number of protozoa was larger than in that of Nor P-cows, and the rumen of 0-cows was entirely devoid of protozoa. However, we did find protozoa in the rumina of two 0-cows occasionally. It was interesting to observe that the protozoa seemed to be of the same species, as examined with a microscope, with the exception of a few small diplodinia. It was difficult to identify the species on the basis of the literature.
In the rumen of the ULP-cow both the number and the range of species of protozoa were larger than in that of the NorP-cow. Figure 1 shows the EAA of the rumen bacteria of the cows on different feeds and those of egg, as well as the ratio between the EAA of bacteria and egg (egg ratio). The corresponding results for protozoa are presented in Figure   2 . When comparing the quality of the total protein on the basis of the EAA, it was observed that the bacterial protein contained less cystine, arginine. leucine, methionine, histidine and valine than the egg protein. The egg ratio of methionine and histidine of the rumen bacteria and protozoa of the 0-cow was lower than that of ULP-and NorP-cows. The amounts of methionine and histidine did not, however, differ statistically in different rumina. The EAA-I of the rumen bacteria of ULP-(91.3) and NorP-cows (89.8) did not differ much; similar results were obtained with the protozoa (ULP 89.3, NorP 88.3). Neither were the EAA-I of the bacteria and protozoa of the 0-cows (87.8 and 87.0) significantly lower than those of ULP-and NorP-cows. The amino acid composition of the pure cultures isolated from the rumina was different and thus also the EAA-I varied more (79.7-90.6) than that of the other bacteria (87.8-91.3).
The EAA-I and chemical score are generally used indices when the nutritional quality of protein is studied. Both are based on the total amino acid composition, and do not thus indicate possible variations in digestibility and the real intake of amino acids. In general the chemical score underestimates the biological value of a protein, while the EAA-I overestimates it. The pepsinpancreatin in vitro digestibilities are shown in Table 2 . With all feeds the in vitro digestibility of protozoa was higher than that of bacteria. McNaught et al. (1950 McNaught et al. ( , 1954 found in their in vivo experiments that the microbial preparations which contained protozoal protein had a higher nutritive value than bacterial protein. The digestibilities of bacteria and protozoa were 74 and 87 %. Verma and Singh (1977) determined the digestibility of the protein of mixed labelled whole rumen bacterial cells in buffaloes and in goats. The radioactivity excreted in the faeces was measured. The digestibility of the Table 2 . EAA-indices, in vitro digestibilities and PPDR-indices of the rumen bacteria and protozoa of ULP-, NorP-and 0-cows, and of some pure bacterial strains (0-kll, 0-kl2, ULPk6, xu Differs from the ULP-sample, but not from the Nor P-sample P < 0.05 xx Differs from both others P < 0.01.
bacterial protein was 81.7 and 87.2 % in goats and buffaloes respectively.
Streptococcus bovis was highly digestible (91-96.9 %). The digestibility of protozoa with NorP-and ULP-feeds was 90 and 78 %, the difference being statistically significant (P < 0.01). The digestibility of the protozoa of the 0-cows was 73 %, but owing to its particular nature it cannot perhaps be compared with the above figures. The digestibility of the rumen bacteria (63 %) differed statistically from the corresponding digestibility of the ULP-samples (76 %) (P < 0.05), but not from those of the NorPsamples (67 %). The digestibility of the rumen bacteria with different 0-cows varied between 57 and 67 %. The individual differences were even greater in the in vitro digestibility of the different bacterial species. We succeeded in isolating from the rumen of a 0-cow and a ULP-cow bacterial species which had either good (76 and 81 %) or poor (47 and 48 %) in vitro digestibility. Bergen et al. (1967) studied the quality of the protein of 14 different bacterial strains using the in vitro pepsin-pancreatin digestibility method. They found that in spite of the similar amino acid composition of the bacterial strains the quality of their protein was different. The digestibility of cellulolytic strains was lower (69.4 %) than that of noncellulolytic (77.9 %).
The authors emphasised that the differences could be due either to differences in the total digestibility or to the liberation of single amino acids from bacterial protein.
According to our observations the digestibility of single amino acids of bacterial protein did not differ from the total digestibility, with the exception of diaminopimelic acid. 80-90 % of this amino acid occurred in the indigestible residue after pepsin-pancreatin digestion. Also the liberation of glycine and alanine from bacterial protein was 3-lo % units lower than that of the total amino acids, independent of the feed. The much larger number of bacteria in the rumen of 0-cows compared with those of ULP-and NorP-cows compensates in this way for the lower digestibility of bacterial protein in 0-cows. Burris et ai. (1974) found, however, that the liberation of threonine, serine, glutamic acid, valine, methionine, phenylalanine and lysine, and also that of total amino acids, was influenced by the protein feed of the animal. The essential amino acids were more completely released from bacterial protein upon in vitro digestion than were the nonessential amino acids. The release of lysine was found to vary to a greater extent than the other amino acids.
Lysine had a significantly greater release rate from bacteria obtained from steers fed soybean meal than from steers fed fishmeal. Also Bergen et al. (1968) studied the effect of different feeds on the in vitro digestibility of rumen bacteria and protozoa. They found that the bulk amino acid composition and the protein quality of the microbial preparations were not affected by change of ration. Only on one feed (semi-purified diet containing urea) out of four was the digestibility of protozoa and bacteria + protozoa statistically significantly lower (P < 0.15). The in vitro digestibility of bacteria varied from 64.7 to 70.1 % and that of protozoa from 75.8 to 84.7 % on four different feeds.
The authors emphasized, however, that had the number of animals been greater in the feed groups the large individual differences would have been minimized and the numerical differences might have been significant. In our experiments as well the number of animals was too small. It was also unfortunate that we could not obtain rumen fluid from the NorP-cow otherwise than at slaughter, since the stress before slaughtering might have affected the microbial population in the rumen.
Protein quality was compared also by determination of the pepsin-pancreatin-digest-residue index. Sheffner et al. (1956) developed the pepsindigest-residue amino acid index (PDR-I) which combines the pattern of EAA released by in vitro pepsin digestion with the amino acid pattern in the remainder of the protein. They found that PDR-I was closely correlated with the net protein utilization value of a variety of proteins. Akeson and Stahmann (1964) included a pancreatin digestion after a pepsin digestion in their tests and found that the PPDR-I gave a higher correlation with the biological value than the chemical score or the EAA-I.
The PPDR-I are presented in Table 2 . They were calculated with the exclusion of tryptophan. According to the tests of Akeson and Stahmann (1964) the omission of tryptophan did not affect the results unless the sample under study contained very little tryptophan or none at all. The PPDK-I of the rumen bacteria of the ULP-cow was higher (77.1) than that of N0rP-(70.9) and 0-cows (65.9). The PPDR-I of protozoa was 98.3 (NorP), 76.3 (ULP) and 67.2 (0-cow). When the EAA-I and PPDR-I of bacteria and protozoa were compared it was found that the EAA-I varied much less on different diets and with different single cows. This was to be expected, of course, since the amino acid compositions differed only slightly. Also EAA-I and PPDR-I did not give quite the same order with regard to quality, but the digestibility coefficient and PPDR-I did. The PPDR-I of bacteria, protozoa and all samples were well correlated with the digestibility coefficient (r = 0.97, 0.99 and 0.97), but weaker with EAA-I (r = 0.85, 0.36 and 0.32). Bergen et al. (1967 Bergen et al. ( , 1968 determined the PPDR-I of different bacterial species. The values varied considerably with different bacterial strains (49.7-80.7). However, the authors did not find any differences when they compared the PPDR-I of the rumen bacteria (71.3 77.1) and protozoa (70.9 77.1) of sheep on different diets.
